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We consider the most general new physics effective Lagrangian for b — > sl + l~ . We derive the upper limit on the 
branching ratio for the processes B s — > l + l~ where I = e, fi, subject to the current experimental bounds on related 
processes, B —* (K, K*)l + l~ . If the new physics interactions are of vector/axial- vector form, the present measured 
rates for B — * (K, K*)l + 1~~ constrain B(B S — * l + l~) to be of the same order of magnitude as their respective 
Standard Model (SM) predictions. On the other hand, if the new physics interactions are of scalar/pseudoscalar 
form, B — ► (K, K *)l + l~ rates do not impose any useful constraint on B(B S — > l + l~) and the branching ratios of 
these decays can be as large as present experimental upper bounds. If future experiments measure B(B S — > l + l~) 
to be > 10 -8 then the new physics giving rise to these decays has to be of the scalar/pseudoscalar form. We 
also consider the effect of new physics on B(B 3 —* l + l~'j) subject to the present experimental constraints on 
B — » (K, K*)l + l~ and B — > K*j. New physics in form scalar/pseudoscalar, which makes a very large contribution 
to B s — > l + l~ , makes no contribution at all to B s — ► l + l~y due to angular momentum conservation. New Physics 
in the form of vector/axial- vector operators is constrained by the data on B — > (K, K*)l + l~ and new physics 
in the form of tensor/pseudo-tensor is constrained by the data on B — > K*j. In both cases, enhancement of 
B(B S — > l + l~"/) much beyond the SM expectation is impossible. In conclusion, present data on B — > (K,K*) 
transitions allow for large B(B 3 — > l + l~) but do not allow B(B a — > l + l~j) to be much larger than its SM 
expectation. 



1. INTRODUCTION 

The rare decays of B mesons involving flavour 
changing neutral interactions (FCNI) b — ► s have 
been a topic of great interest for long. Not only 
will they subject the Standard Model (SM) to ac- 
curate tests but will also put strong constaraints 
on several models beyond the SM. Recently, the 
very high statistics experiments at B-factories 
have measured non-zero values for the branching 
ratios for the FCNI processes B -> (K,K*)l + l~ 

B(B -> Kl + r) = (4.8lJ;g ± 0.3 ± 0.1) x 10~ 7 , 
B(B -> K*l + r) = (11.5±^ ± 0.8 ± 0.2) x 10~ 7 . 

(1) 

These branching ratios are close to the values pre- 
dicted by the SM :'> . However, the SM predic- 
tions for them contain about ~ 15% uncertainty 
coming from the hadronic form factors. Still, it 



is worth considering what constraints these mea- 
surements impose on other related processes. 

In section 2 and 3 we will discuss the im- 
pact of there measurements on the predictions for 
Bmp{B s — > l + l~) and Bnp{B s — > respec- 
tively 



2. NEW PHYSICS UPPER BOUND ON 

B(B S -> l+l'). 

The same b — > sl+l~ four Fermi interaction is 
responsible for both leptonic decays B s — > l+l~ 
and semi-leptonic decays B — > (K, K*)l+l~~ . The 
SM predictions for the branching ratios for the 
decays B s — > e+e~ and B s — > [i+ [i~ are (7.58 ± 
3.5) x 10" 14 and (3.2 ± 1.5) x 10" 9 respectively 
UJ- The large uncertainy in the SM prediction 
for these branching ratios arises due to the 12% 
uncertainty in the B s decay constant and 10% 
uncertainty in the measurement of Vf S . 



1 



2 



A. K. Alok and S. Uma Sankar 



B s — > l + l~ has been studied in various models, 
both with and without natural flavour conserva- 
tion, before. In both these kinds of models it 
was shown that B s — > /i + fi~ can have a branch- 
ing raio of > 10~ 8 |7I8| . From the experimental 
side, at present, there exist only the upper bound 
B{B S -> fi+fi-) < 1.0 x 10~ 7 at 95% C.L. [§]. 

The effective new physics Lagrangian for b — > 
sl + l~ transitions can be written as, 



L eff (b -> sl + l ) = Ly A + L S p + Lj 



(2) 



where, Lva contains vector and axial- vector cou- 
plings, Lsp contains scalar and psuedo-scalar 
couplings and Lp contains tensor couplings. Lp 
does not contribute to B s — > Z + Z~ because 
(0|scr piy 6|i? s (ps)) = 0. Hence we will drop it from 
further consideration. We consider Lva and L$p 
one at a time. 

We parametrize Lva as, 
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Here the constants 3 and g' are the effective cou- 
plings which characterise the new physics. The 
calculation of decay rate gives, 
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Thus the decay rate depends upon the value of 
{gAgA) 2 - To estimate the value of (g^g^) 2 , we 
look at semi-leptonic decays. We first consider 
B — > K*l + l~ . The decay rate is, 
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(5) 



where I V a = g v V 2 I\ + g\A\l 2 . h and I 2 are 
integrals over the dilepton invariant mass (z = 
q 2 /m%). 

Tnp(B — » K*l + l~) depends on both vector 
and axial vector couplings. To get a handle on 
vector couplings we look at B — > Kl + l~ . The 



decay rate is given by, 
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We are trying to see what is the maximum value 
of {gAgA) 2 1 consistent with semi-leptonic data. 
To get this, we make the approximation T exp — 
Tjvp, i.e. the experimentally measuted semi- 
leptonic branching ratios are saturated by new 
physics couplings. Under this approximation, we 
get 



g 2 A(gJ + g'l) = (6.76l«*) 



x 10 



-3 



(7) 



Here all the errors were added in quadrature and 
the values of form- factors were taken from |1U| . 

Therefore the upper bounds on the branch- 
ing ratios are B(B S — > e + e~) < 1.20 x 
10~ 13 and B{B S -> < 5.13 x 10~ 9 at 

3er. These bounds are similar to SM predic- 
tions. It should not be surprising because T = 
(c.c. ) 2 (/./.) 2 phase space. In semi-leptonic case 
F eX p = Fsm- Then we assumed T NP = T exp 
which implies (c.c)np — {cc)sm and hence 
T NP (B S 1+1-) = Tsm(B s -> 1+1-). A more 
stringent upper bound is obtained if we equate 
the new physics branching ratio to the difference 
between the expeimental value and the SM pre- 
diction. Therefore, given the measured values of 
branching ratios of B — > (K,K*)l + l~ by Belle 
and BaBar, new physics cannot boost B s — > l + l~ 
above SM value if it is of the form vector/axial- 
vector. 

Let us turn now to Lsp with scalar and pseu- 
doscalar couplings. 



L SP (b^sl + r) = 
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The Branching ratio is given by, 

JlgUa'i + g'p 2 ) 
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(9) 



To get a bound on gp{gg + gp) we need to con- 
sider only B — > K*l + l~ . Here again we make the 
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approximation T exp — T^p. Under this approxi- 
mation we get, 

2, '2 . '2s {m b - m a ) 2 B Exp (B -> K*l + r) 

9p(9s +9p) = il o (10) 

y Vy y ' 2.16 [A (0)] 2 x lO- 3 V ; 

Substituting this in (B s —> l + l~) rate we get, 

B{B S -> /x + /0 = (2± 1) x 10~ 5 . (11) 

The upper bound on B{B S — > u. + fi~) from the 
above equation is much higher than the present 
experimental upper bound [H]. Thus we see 
that if new phsyics effective Lagrangian is of the 
scalar/pseudoscalar form, then the present mea- 
surements of semi-leptonic rates DO NOT pro- 
vide any useful constraints on B s — > . There- 
fore if experiments at Tevatron or LHCb find that 
B(B S — > > 10~ 8 ; then we can immediately 

conclude that the new phsyics responsible for it is 
of scalar/pseudoscalar type. 

3. NEW PHYSICS UPPER BOUND ON 

B(B S -> l+l-j). 

We repeated the exercise for B s — > l + l~j 
The radiative decay B s — > l + l~"f is free from he- 
licity suppression due to emission of a photon in 
addition to the lepton pair. Thus the branch- 
ing ratio for this leptonic radiative mode is much 
higher than that for the purely leptonic mode de- 
spite an additional factor of a. We are interested 
on how the current data on b — > s transitions, 
due to the effective interactions b — > sl + l~ and 
b — > S7, constrain the new physics contribution 
to the leptonic radiative decays B s — ► l + l~j. 

Unlike in the case of B s — * l + l~, if new physics 
is in the form scalar/pseudoscalar, then it makes 
no contribution to B s — ► l + l~"f. The photon has 
J = 1. Hence the Z + Z~ pair also must be in J = 1 
state so that the angular momentum of the final 
state can be zero. However, by Wigner-Eckert 
theorem, the matrix element (l + l~(J = l)\l(g s + 
9pl5)l\0) is zero. 

A legitimate question to ask at this stage is: Is 
it possible to have an order of magnitude or more 
enhancement of B s — * l + l~j for any type of new 
physics operators? 

We found that if new physics is in the form 
of vector/axial-vector operators then the present 



data on B — > (K, K*)l + l~ doesn't allow a large 
boost for B(B S — > l + l~-f). If new phsyics is in 
the form of tensor/pseudotensor operators, then 
the data on B — > (K, K*)l + l~ gives no useful 
constraint but the data on B — > K*j does. Here 
again, a large enhancement of B(B S — > l + l~-f), 
much beyond the SM expectation, is not possible. 

Hence we conclude that the present data onb — > 
s transitions allow a large boost in B(B S — * l + l~) 
but not in B(B S — ► Z + Z~7), compared to SM ex- 
pectation. 

4. CONCLUSIONS 

The quark level interaction b — > sZ + Z~ is re- 
sponsible for the three types of decays (a) semi- 
leptonic i? — > (K, K*)l + l~ , (b) purely leptonic 
£> s — > l + l~ and also (c) leptonic radiative B s — ► 
Z+Z-7. If 5(5,. -> Z+r) > 1(T 8 then the new 
physics operators responsible for this have to be 
of the form scalar/pseudoscalar. Such operators 
have no effect on B s — > l + l~-f. Current data on 
B -► (K,K*)l+l~ and B -> K*j do not allow 
any kind of new physics to give rise to a large 
enhancement of B(B S — * l + l~j). 
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